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Abstract: Nowadays, the interest in phenolic compounds has increased due to their various pharmacological
activities. Terminalia bellerica Roxb was found to possess nemours pharmacological properties and used in
Ayurvedic herbal formulation to treat several ailments. In this study, the antioxidant activity was carried out
via reducing power and Dot-blot methods, while cytotoxic activity was evaluated toward human cancer cell line;
HepG-2 using Sulphorhodamine-B assay. The 70% methanolic extract was defatted via diethyl ether then
undergoes fractionation using (petroleum ether, CH Cl , EtOAc and n-BuOH). The reducing power was2 2

expressed as (OD values) which ranged from (0.448 to 2.75 at 200 µg/ml), with respect to the ascorbic acid (2.85).
On the other hand, the results of HepG-2 assay showed that 70% methanol extract have cytotoxic activity with
IC  20 µg/ml (IC = 19.35 µg/ml) which falls within the National Cancer Institute criteria followed by ethyl50 50

acetate and n-butanol fraction with IC = 24.5 and 28.6 µg/ml respectively. The high reducing power and50

cytotoxic activities of n-BuOH fraction encourage us to subject it to chromatographic isolation. A bioassay-
guided fractionation and chemical investigation of the Terminalia bellerica resulted in the isolation of benzoic
acid derivative which identified as 4-hydroxy-(2-methylbutanol) benzoic acid with reducing power activity
(1.25).
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INTRODUCTION secondary [4]. Polyphenolic compounds are mostly

Free radicals are highly reactive unstable substances and accordingly exhibited multiple biological and
containing odd single electron; the presence of odd pharmacological activities, like antioxidant activity [5].
electrons causes the high reactivity of free radicals [1]. Also, polyphenols are antioxidants with redox properties
Reactive oxygen species (ROS) (e.g. superoxide  anion which can be act as reducing agents, hydrogen donators,
(O ) , hydroxyl radicals (OH ), hydrogen peroxide (H O ) singlet oxygen quenchers and as metal chelators [6]. The2 2 2

.-

and singlet oxygen ( O ) as well as reactive nitrogen antioxidant activity is basically attributed to phenolic1
2

species (RNS) like peroxynitrite anion (ONOO ) and nitric compounds like; flavonoids, phenolic acids, tannins,-

oxide (NO ) radical are formed as a result of normal anthraquinones and coumarins [7]. Genus Terminalia
metabolic activity and exogenous sources [2]. Oxidative (Family Combretaceae), comprising of 250 species, are
stress has been associated with the generation of widely distributed in tropical areas of the world and warm
nemours chronic and degenerative diseases like cancer, especially in Africa [8]. Amongst the 18 genera
heart disease and neuronal degeneration [3]. Plants are comprising the Combretaceae, the genus Terminalia is
potential sources of natural antioxidants, which defined known as a rich source of pentacyclic triterpenes and their
as substances those, when present at low concentrations glycoside derivatives, flavonoids, tannins and other
compared to that of oxidizable substrates, significantly aromatic compounds [9]. Different parts of T. bellerica
delay or inhibit oxidization of those substrates. showed diverse beneficial properties like anti-stressor,
Antioxidants are divided into two categories; primary and anti-oxidant,  immune  stimulant  properties and used to 

occurred in both edible and nonedible medicinal plants
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treat hypertension, to reduce cardiac depression and to Material and Chemicals: All solvents and reagents used
decreases the risk factors associated with the heart [10]. were of analytical grade. 1,1'-Diphenyl-2-picryl-hydrazyl
Its fruit is used in folk medicine to treat anemia, asthma, free radical (DPPH) (Sigma-Aldrich Co.). Trichloroacetic
cancer, colic, cough, diarrhea, dyspepsia, dysuria, acid (TCA), ferric chloride, potassium ferricyanide [K  Fe
headache, hoarseness, hypertension, inflammations and (CN) ], ascorbic acid (Merck Chemical Co.) and [Buffer
rheumatism [11]. Cardenolide [12], belleric acid and solution components pH 6.6; NaCl, KCl, Na HPO  and
bellericoside [13], termilignan, thannilignan, 7-hydroxy- KH PO (ADWIC Co. / Egypt). All solvents and acids
3`,4`-(Methylenedioxy) flavone and anolignan B [14], [petroleum ether, diethyl ether, methylene chloride, ethyl
gallic acid, ellagic acid and â-sitosterol [12, 15], were acetate, n-butanol, acetic acid and sulphuric acid), were
isolated from different parts of T. bellerica. Therefore, the purchased from (Sigma-Aldrich Co.). The absorbance
present study describes the isolation and structure measurements for antioxidant activity were recorded using
elucidation of 4-hydroxy-benzoic acid derivative (1) as the UV-Vis spectrophotometer Spectronic 601 (Milton
well as evaluation reducing power and anticancer activity Roy, USA). 
of different extracts from the leaves of T. bellerica.

MATERIAL AND METHODS leaves of Terminalia bellerica (1 Kg) were extracted with

Plant Materials: Leaves of Terminalia bellerica The combined methanolic extract was concentrated under
(Combretaceae) were collected from Zoo Garden, Giza, reduced pressure using rotatory evaporator to afforded
Egypt in October, 2012. Authentication of the plant was (200 g) 70% methanol extract. The dried methanol extract
established via Prof. Dr. Wafaa Amer, Professor of Plant (175 g) was defatted with diethyl ether to give 5 g diethyl
Taxonomy, Faculty of Science, Cairo University, Giza, ether extract. The defatted methanolic extract was
Egypt. Voucher specimen given (TB ) was deposited at successively extracted with petroleum (60-80°C),1

Laboratory of Medicinal Chemistry, Theodor Bilharz methylene chloride, ethyl acetate and n-butanol. The
Research Institute. The fresh leaves were washed with obtained fractions were separately concentrated under
clean water and completely dried in shade place at room reduced pressure to yield 10, 8.5, 12.75 and 65.35 g
temperature, then powdered via electric mill. The leaves respectively.
powdered were stored at room temperature in dark places
until subjected to the extraction process. Phytochemical Screening Analysis: Conventional

Experimental Procedures: H-NMR (500 MHZ, DMSO-d ) chemical constituents in the plant extracts were employed.1
6

and C-NMR (125 MHZ, DMSO-d ) spectra were The tests for the secondary metabolites viz. alkaloids,13
6

recorded on JEOL-GX-spectrometer (NRC). The chemical tannins, sterols, saponins, glycosides, sterols/terpenes,
shifts were expressed in  (ppm) with reference TMS and reducing sugars, non-reducing sugars, flavonoids and
coupling constant (J) in Hertz. UV spectra were phenols were carried out upon 70% methanolic extracts of
determined in methanol (Micro Analytical Center, Faculty leaves of T. bellerica as well as its derived fractions via
of Science, Cairo). Infrared spectra were determined in preliminary phytochemical screening tests [16-20].
Fourier Transform Infrared Spectrometer (FT/IR)-6100
JASCO, National Research Center (NRC). Melting points Reducing Power Antioxidant Assay (RPAA): The
were determined on an electrothermal apparatus. Silica gel
60 GF254 (Fluka) were used for analytical TLC. Sephadex
LH-20 (25-100 µm, Sigma) and silica gel (70-230 mesh,
Merck) were used for column chromatography. Paper
chromatography was carried out on Whatman No. 1 and
No. 3 paper sheets (Whatman, England). Spots were
visualized by absorption of UV radiation and spraying
with methanolic 1% FeCl  or 5% AlCl  or 40% H SO3 3 2 4

followed by thermal activation. 

.

3

6

2 4

2 4

Extraction and Fractionation: The air-dried powdered

70% methanol  at  room  temperature  for several times.

standard protocols for detecting the presence of different

spectrophotometric method described by Ferreira et al.
2007 [21]; was used for the measurement of reducing
power. For this 2.5 ml of each of the sample (Extract,
fraction or pure compound) was mixed with 2.5 ml
phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1%
potassium ferricyanide (10 mg/ml). The mixture was
incubated at 50°C for 20 min, then rapidly cooled, mixed
with 2.5 ml of 10% trichloroacetic acid and centrifuged at
6500 rpm for 10 min. An aliquot (2.5 ml) of the supernatant
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was diluted with distilled water (2.5 ml) and then ferric reader. The relation between surviving fraction and drug
chloride (0.5 ml, 0.1%) was added and allowed to stand for concentration is platted to get the survival curve of each
10 min. The absorbance was read spectrophotometrically tumor cell line after the specified compound. 
at 700 nm, ascorbic acid used as standard. Three
replicates were made for each test sample. The percentage Chromatographic   Isolation   of  Butanol  Extract:  The
of reducing power was calculated using the formula: n-butanol fraction (50 g) was subjected to column

Reducing power (%) = A  - A / A (70-230 mesh, Merck; 700 g). Elution was started withcontrol sample control

Where, A  was the absorbance of solution without petroleum ether: CH Cl  then CH Cl  followed by gradientcontrol

extract and A  was the absorbance with different mixtures of CH Cl : MeOH up to methanol. Fractions (500sample

dilutions of sample and the reducing power was reported ml) were collected and monitored via paper
as ascorbic acid equivalent per gm of dry sample [21]. chromatography (PC) in eluent systems BAW (N-BuOH:

Statistical  Analysis:  A ll  data  were   presented as chromatograms were examined under UV light and
mean ± S.D. using SPSS 13.0 program [22]. sprayed with AlCl  and/or FeCl  spraying reagents. Similar

Rapid Screening of Antioxidant by Dot-blot and Dpph TLC analysis to give major fractions. Elution of the silica
Staining : Each diluted sample of each extract/fraction gel column with 40% methanol lead to isolation of major
were carefully loaded onto a 20 cm × 20 cm TLC layer fraction labeled TB , which undergoes further purification
(silica gel 60 F254; Merck) and allowed to dry (3 min). upon sephadex LH-20 sub-column, starting elution with
Drops of each sample were loaded, in order of decreasing 5% MeOH. Elution with 60% MeOH leads to separation of
concentration (2, 1, 0.5, 0.25 and 0.125 mg/ml), a long the compound 1. 
row. The staining of the silica plate was based on the
reported procedure [23]. The sheet bearing the dry spots Identification of  Compound  (1):  Since  the  n-BuOH
was placed upside down for 10 seconds in a 0.4 mM sub-fraction was found to have high reducing power
DPPH  solution.  Then the excess of solution was activity with (OD value) equal to 2.73 with respect to
removed with a tissue paper and the layer was dried with ascorbic acid (OD value equal to 2.85) as well as enough
a hair-dryer blowing cold air. Stained silica layer revealed yield. To find out its active component, compound 1 was
a purple background with white spots at the location isolated and identified via column chromatography and
where radical-scavenger capacity presented. The intensity 1D-NMR spectrometry and its characteristics analyzed are
of the white color depends upon the amount and nature shown as follows: 
of radical scavenger present in the sample [23-26]. 

Sulphorhodamine-B assay [Liver Carcinoma Cell Line (130-132°C) and Rf = 0.68 (15% AcOH) on PC, it showed
(HepG-2)]: Potential cytotoxicity of the tested extracts of violet colour under UV light. H-NMR (500 MHz, DMSO-
the plant was tested according to the method of Skehan d ), spectra showed peaks at: 7.66 (2H, H-2,6), 7.35 (2H,
et al. [27]; using liver tumor cell line (HepG-2). Cells were H3,5), 4.09 (1H, H-8), 1.18 (1H, H-9a), 1.25 (1H, H-9b), 2.39
plated in 96-multiwell plate (10  cells/well) for 24 hrs before (1H, H-10), 3.28 (1H, H-11) and 0.84 (1H, H-12). C-NMR4

treatment with the compounds or extract to allow (125 MHz, DMSO-d ): 124.77 (C-1), 132.23 (C-2, C-6),
attachment of cell to the wall of the plate. Different 118.96 (C-3, C-5), 167.50 (C-4, C-7), 67.90 (C-8), 30.34 (C-9),
concentrations of the compound  or  extract  under  test 31.66 (C-10), 67.90 (C-11) and 14.43 (C-12). 
(0, 1, 2.5, 5 and 10 µg/ml) were added to the cell
monolayer. Triplicate wells were prepared for each RESULTS AND DISCUSSION
individual dose. Monolayer cells were incubated with the
compounds for 48 hrs at 37°C and atmosphere of 5% CO . Phytochemical Analysis of Different Extracts of2

After 48 hrs, cells were fixed, washed and stained with Terminalia Bellerica: The phytochemical compounds of
sulforhodamine B stain. Excess stain was washed with T. bellerica were qualitatively analyzed. The 70%
acetic acid and attached stain was recovered with Tris methanol extract as well as its derived fractions showed
EDTA buffer. Color intensity was measured in an ELISA the  presence  of  phytochemical   compounds   such   as;

chromatography packed  with  silica  gel  60  adsorbent

petroleum ether followed by gradient mixtures of
2 2 2 2

2 2

AcOH: H O; 4:1:5 upper layer) and 15%AcOH. The PC2

3 3

fractions were collected together on the basis of PC and

40

Compound 1: Was isolated as light orange powder; m.p.

1

6

13

6
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Table 1: Phytochemical screening of 70% methanolic extract of T. bellerica leaves as well as its derived fractions. +: Low; ++: Moderate; +++: High; -:
Absent; DEE: Diethyl ether; P.E: Petroleum ether. 

Sample
----------------------------------------------------------------------------

Secondary metabolites Test Result 70% MeOH DEE P.E CH Cl EtOAc n-BuOH2 2

Tannins i. FeCl Brownish green colouration +++ ++ - + +++ +++3

Flavonoids i. Shinoda A red coloration +++ ++ - + +++ +++
ii. AlCl A yellow color +++ ++ - + +++ +++3

Saponins i. Frothing Persistent foam ++ - - + ++ ++
Terpenoids & Steroids i. Salkowski A reddish brown colouration ++ + + + ++ ++

ii. Libarman-Burchard’s Red then blue finally green color ++ + + + ++ ++
Anthraquinones i. Borntrager’s Pink, violet or red color + + - - + +
Alkaloids i. Dragendorff’s Reddish brown precipitate + - - - + +

ii. Meyer’s Formation of a cream + - - - + +
Carbohydrates i. Molisch’s Violet ring formed +++ + - - +++ +++

ii. Barfoed’s Red precipitate +++ + - - +++ +++
Coumarins i. NaOH Yellow florescence + - - - + +

tannins, coumarins, anthraquinones, saponins, alkaloids, ion Fe  via donating an electron [38]. In the present
flavanoids and terpenoids (Table 1). The phytochemical study, reducing power capabilities of most tested extracts
analysis revealed that T. bellerica posses good extent was found to be closer to ascorbic acid. The 70%
from phenolic and tannins secondary metabolites. This methanol extract of T. bellerica as well as its derived
suggests that T. bellerica may possess antioxidant and subfractions diethyl ether, EtOAc and n-BuOH exhibited
anticancer activities [28,29]. relatively strong reducing power in comparison with other

Reducing Power Antioxidant Assay (RPAA): There are values [2.66, 2.33, 0.448, 1.04, 2.75 and 2.75 at 200 µg/ml]
various modes of actions and mechanisms to evaluate the for 70% methanol, diethyl ether, petroleum ether, CH Cl ,

EtOAc and n-BuOH respectively. Reducing power activity
transition metal chelation, decomposition of peroxides may be due to their high content of phenolic compounds
and radical masking [30-32]. The reducing power (Especially tannins and phenolic acids), which are mainly
antioxidant assay (RPAA) is depend upon the ability of responsible for the antioxidant activity [12, 14, 15, 28, 29,
the reductants (Antioxidant compound or extract) to 39]. Sanjay et al. 2010 reported that T. bellerica showed
reduce ferricyanide to ferrocyanide, which then reacts high reducing power activity [29]. The high reducing
with ferric chloride to form blue colored ferrous complex power of such tested extracts might be due to the
(Perl’s Prussian blue) (Fe ) [Fe (CN ) ]  then was presence of the same reductants (i.e. antioxidants)3+ 2+ -

4 6 3

measured at 700 nm [33-35]. Depending on the reducing responsible for the reduction of the Fe /ferricyanide
ability of the tested compound or extract, the yellow complex to the ferrous form like phenolic acids and
colour of the test solution changes to various shades of flavonoids [12, 14, 15]. (Figure 1) shows the reducing
green  or  blue  [36,  37].  The  assessment  of  the capacities (OD values) of different fractions of T.
reducing power including the ferric-ferrous transformation bellerica as well as compound 1 (OD value= 1.25 at 200
(Fe -Fe ), also the reducing ability of the compound may µg/ml). The ethyl acetate fraction of T. bellerica showed3+ 2+

be acts as significant indicator of its potential antioxidant the highest reducing ability of all other fractions tested
capacity. In more details, reducing power assay measures followed by n-BuOH fraction. It was reported that T.
the electron-donating capacity of an antioxidant. The bellerica exhibit antioxidant activity [28]. 
reducing properties are generally associated with the
presence of reductones, which have been shown to Rapid Screening of Antioxidant by Dot-blot and Dpph
exhibit antioxidant action by breaking the chain reactions Staining : The antioxidant potential activity of the
via donating a hydrogen atom. Reductones are also defatted 70% methanol extract of T. bellerica as well as its
reported to react with certain precursors of peroxide, thus derived  fractions  was  determined  via  eye-detected
preventing peroxide formation. Being good electron semi-quantitatively rapid DPPH staining-TLC technique.
donors, phenolic compounds show the reducing power Each diluted sample was applied as a TLC layer that was
and have ability to convert the ferric ion Fe  to ferrous stained with DPPH solution. This method depended upon3+

2+

tested extracts petroleum ether and CH Cl , with (OD)2 2

2 2

antioxidant activity like inhibition of chain reactions,

3+
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Fig. 1: Reducing power antioxidant activity of 70% methanolic extracts of T. bellerica as well as its derived fractions
against ascorbic acid at concentration 200 µg/ml.

the inhibition  of  the  accumulated  oxidized  products.
The generation of free radicals was inhibited via the
addition of antioxidant sample [23-26]. Initial faint spots
appeared and weak spots could be observed in sample
row and the appearance of white spots has potential value
for the evaluation of the different tested fractions [40].
These white spots with strong intensity appeared quickly
at the lowest concentration of 0.125 mg/ml of each
extract/fraction except petroleum ether [23], ascorbic acid
was used as a positive control. Results in (Figure 2)
revealed that, all the tested extracts showed promising
activity but n-BuOH fraction showed the potent activity
followed by EtOAc fraction. These results revealed that Fig. 2: Dot blot assay of different fractions of T. bellerica
all the tested extracts react positively with DPPH and on silica sheet stained with DPPH solution in
these reactions based on the ability of these methanol.
extracts/fractions as free radical scavenging compounds.
The wider diameters as well as high color intensity of the proliferation was in dose-dependent manner. In fact, at
resulting dots (Spots) indicate the high radical masking high dose, they were attributed to direct toxic effect and
activity of the tested fractions[24-26]. induced cells to death [43]. (Table 2 and Figure 2) showed

Liver Carcinoma Cell Line (HepG-2): Characterization of acetate  and  n-butanol  fractions  of  the  leaves  part  of
naturally occurring cancer chemopreventive agents has T. bellerica against HepG-2 cell line using the
become a vital issue in public health-related research [41]. Sulforhodamine-B (SRB) method [27]. The 70% methanol
Plant polyphenols exhibited potent antioxidant properties extract showed high cytotoxic activity toward the HepG-2
and their marked effects in the prevention of various cell line with IC = 19.35 µg/ml, followed by ethyl acetate
oxidative stress associated diseases such as cancer [42]. fraction with IC = 24.5 µg/ml and n-BuOH with IC = 28.6
Cancer is a multi-step disease including environmental, µg/ml and (Table 2 and Figure 2). According to the
chemical, physical, metabolic and genetic factors which National Cancer Institute (NCI), the criteria and the
play a direct and/or indirect role in the generation of conditions of cytotoxic activity for the crude extract is an
various types of cancers. Polyphenolic compounds IC values = 20 µg/ml, is considered to be potentially
constitute one of the most numerous groups of plant cytotoxic [44]. The 70% methanol extract is considered
secondary metabolites. Furthermore, polyphenolic active against liver tumor and the remaining tested
compounds display a wide range of biological and fractions nearly showed IC  exist under the NCI criteria,
pharmacological properties which are mainly related to thus these fractions are considered as promising cytotoxic
modulation of carcinogenesis [42]. Polyphenolic agent. The plant contains a diverse of vital
compounds had dual effects on cells and modulated  cell phytoconstituents  like; gallotannins, phenolic acids and

the cytotoxic effects of the 70% methanolic extract, ethyl

50

50 50

50

50
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Fig. 2: Effect of 70% methanol extract of T. bellerica as
well as its ethyl acetate and   n-BuOH sub
fractions against liver tumor cell line. 

Table 2: Potential cytotoxicity of 70% methanol extract as well as its ethyl
acetate and n-BuOH sub fractions of T. bellerica against liver
tumor cell line. 

SF (HEPG-2)a

------------------------------------------------------------------
Conc. µg/ml 70% MeOH EtOAc n-BuOH
0.000 1.000 1.000 1.000
5.000 0.797 0.891 0.943
12.500 0.654 0.738 0.653
25.000 0.602 0.494 0.505
50.000 0.506 0.506 0.458
IC  19.35 µg/ml 24.5 µg/ml 28.6 µg/mlb

50

Reference standard  Doxorubicin IC = 4 µg/ml 50

SF = Surviving fraction. a

IC = Dose of the extract which reduces survival to 50%.b
50

Compound 1

Table 3: H-NMR (500 MHz, DMSO-d ) and C-NMR (125 MHz,1 13
6

DMSO-d ) spectral data for compound 16

Position H C

1 - 124.77
2,6 7.66 (2H) 132.23
3,5 7.35 (2H) 118.96
4 - 167.50
7 12.15 167.50
8 4.09 67.90
9a 1.18 (m)
9b 1.25 (m) 30.34
10 2.39 31.66
11 3.28 67.90
12 0.84 14.43

flavonoids. These compounds were found to be
responsible for many of the pharmacological activities
such as anticancer [28, 45]. 

Structural Elucidation of Compound 1: Compound (1):
UV spectral data  (nm) of compound 1 in methanolmax

showed two characteristic peaks at 235 nm (conjugation
of hydroxyl groups with benzene ring) and 285 nm
(Conjugation of carbonyl group with benzene ring) [46-
47]. The IR spectrum of compound 1 showed absorption
peaks at 3410, 1718 and 1620 cm  in indicated the-1

presence of hydroxyl (Ar-O-H), carbonyl groups
(Carboxylic O-H) and aromatic carbon (Ar. C=C),
respectively. The presence of free carboxylic functional
group was confirmed via positive result with acidity test
which gave strong effervescence with NaHCO . H-NMR3

1

of the compound (Table 3), indicate the characteristic
resonance in the aromatic region for para-disubstituted
benzene  ring which represented by two sets of protons
H-2,6 and H-3,5 at 7.66 and 7.35 ppm respectively. Also
characteristic signals due to the 4-hydroxy-2-
methylbutanol moiety with a doublet at  0.84 ppm
corresponding to the methyl group (H-12), a multiplet at

 1.18 and 1.25 attributable to the diastereotopics protons
of the methylene group (H-9 , H-9 ), a multiplet at  2.39a b

corresponding to the methine group (H-10), a doublet at
4.0 assignable to the methylene of an hydroxyl group

(H-8) and a triplet at  3.28 attributable to the
oxymethylene (H-11) and signal at  12.15 for carboxyl
proton (H-7) [47, 48]. Furthermore, C-NMR spectral data13

(Table 3), revealed the presence of 12 resonances for 12
carbons. The presence of the carboxyl group was
confirmed in the C-NMR spectrum with the signal at 13

167.50 ppm [47, 48]. Finally, according to the above
mentioned spectral data the compound 1 was identified as
4-hydroxy-(2-methylbutanol) benzoic acid. 

Abbreviations:

C-NMR : Carbon Nuclear Magnetic Resonance.13

1D-NMR : One Dimensional-NMR.
H-NMR : Proton Nuclear Magnetic Resonance.1

AAE : Ascorbic Acid Equivalent.
BAW : n-Butanol: Acetic acid: Water. 
DPPH : 1,1'- Diphenyl-2-PicrylHydrazyl. 
EDTA : Ethylene Diamine Tetra Acetic Acid.
ELISA : Enzyme-Linked Immuno-Sorbent Assay.
FTIR : Fourier Transform Infra Red.
HepG-2 : Liver Cancer Cell Line.
IC : Median Inhibitory concentration.50
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IR : Infra Red. 6. Sulekha, M. Y. Satish, Y. Sunita and K.N. Rajesh,
MHz : Mega Hertz. 
nm : Nanometer.
NRC : National Research Center. 
PC : Paper Chromatography.
pH : Power of Hydrogen.
ppm : Part Per Million. 
R : Retention Factor.f

RNS : Reactive Nitrogen Species.
ROS : Reactive Oxygen Species. 
RPAA : Reducing Power Antioxidant Assay.
rpm : Round Per Minute.
S.D. : Standard Deviation. 
SF : Survival Fraction. 
SPSS : Statistical Package for the Social Sciences.
SRB : Sulforhodamine-B.
TLC : Thin Layer Chromatography.
TMS : Tetramethyl Silane. 
UV : Ultraviolet.
UV-Vis : Ultraviolet-Visible.
v/v : Volume/Volume.

: Chemical Shift. 
: Carbon Chemical Shift. C

: Proton Chemical Shift. H

: Wave Length Maximum. max

: Frequency Maximum. max
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